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This  report  presents  the  results  of  field  inspection  and  evaluation  of  the 
Suguar  Hollow  Lake  Dam,  MO  30522; 

It  was  prepared  under  the  National  Program  of  Inspection  of  Non-Federal 
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3)  Dam  failure  s ign i ficant ly  increases  the  hazard  to  loss  of  life 
downstream. 
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PHASE  I  REPORT 


NATIONAL  DAM  SAFETY  PROGRAM 


Name  vi  f  Dam : 

State  Located: 
County  Located: 
Stream: 

Date  of  Inspection: 


Sugar  Hollow  Lake  Dam 

Missouri 

Warren 

Tributary  of  Wolf  Creek 
20  May  1980 


The  Sugar  Hollow  Lake  Dam  was  visually  inspected  by  engineering 
personnel  of  Horner  &  Shifrin,  Inc.,  Consulting  Engineers,  St.  Louis. 
Missouri.  The  purpose  of  this  inspection  was  to  assess  the  general 
condition  of  the  dam  with  respect  to  safety  and,  based  upon  this 
inspection  and  available  data,  determine  if  the  dam  poses  a  hazard  to 
human  life  or  property. 

Sugar  Hollow  Lake  is  one  of  five  lakes  located  within  the  development 
known  as  Lake  Sherwood  Estates.  The  main  and  largest  lake  within  the 
development  is  Lake  Sherwood.  Lake  Sherwood  has  a  surface  area  of 
approximately  141  acres.  The  other  four  lakes  of  which  Sugar  Hollow  is 
the  largest  with  a  surface  area  of  about  17  acres,  are  tributary  to  Lake 
Sherwood.  A  Phase  T  Inspection  Report  of  the  Lake  Sherwood  Dam,  Mo. 
10202,  was  prepared  by  Kenneth  Balk  &  Associates,  Inc.,  in  conjunction 
with  Shannon  &  Wilson,  Inc.,  for  the  U.S.  Array  Engineer  District,  St. 
Louis,  in  January  1979.  A  plan  of  the  Lake  Sherwood  Estates  Subdivision 
development,  showing  the  relative  location  of  Sugar  Hollow  Lake  and  Lake 
Sherwood  as  well  as  the  other  three  lakes  within  the  development,  is 
presented  on  Plate  2  of  this  report. 


1 


Tlie  fo- lowing  summarizes  the  findings  of  the  visual  inspection  and 
the  results  of  certain  hydro  logic /hydrau I ic  invest igat ions  performed 
under  the  direction  of  the  inspection  team.  Based  on  the  visual 
inspection  and  the  results  of  these  hydrologic/hydraulic  investigations, 
the  present'  general  condition  of  the  Sugar  Hollow  Lake  Dam  is  considered 
to  be  less  than  satisfactory.  The  following  deficiencies  were  noticed 
during  the  inspection  and  are  considered  to  have  an  adverse  effect  on  the 
overall  safety  and  future  operation  of  the  dam: 

1.  A  dense  growth  of  brush  and  trees  up  to  about  3  inches  in 
diameter  covered  most  of  the  downstream  face  of  the  dam.  The 
upstream  face  of  the  dam  in  the  vicinity  of  the  left  abutment 
was  similarly  affected.  Tree  roots  can  provide  passageways  for 
lake  seepage  that  could  develop  into  a  piping  condition 
(progressive  internal  erosion)  and  possible  failure  of  the  dam. 
Brush  can  conceal  animal  burrows  that  could  also  lead  to  a 
piping  condition. 

2.  Minor  seepage  as  evidenced  by  wet,  soft  ground,  and  standing 
water  was  observed  near  the  downstream  toe  at  the  abutments  and 
close  to  the  center  of  the  dam.  Seepage  can  develop  into  a 
piping  condition  that  could  result  in  failure  of  the  dam. 

3.  At  and  near  the  normal  waterlines  and  except  for  an  apparent 
wave  berm  along  the  upstream  face  of  the  dam,  the  upstream  and 
downstream  faces  of  the  dam  are  either  unprotected  or  have  only 
a  sparse  cover  of  grass  to  prevent  erosion  of  the  embankment  by 
wave  action  or  by  fluctuations  of  the  lake  levels.  Lake 
Sherwood  abuts  the  downstream  face  of  the  dam  and  erosion,  which 
according  to  Mr.  Emerson  Sanders,  the  Owner's  representative,  is 
due  to  backwash  from  the  Sugar  Hollow  Lake  spillway  pipe 
discharge,  has  created  a  near  vertical  bank  approximately  2  feet 
high  at  the  downstream  toe  of  the  dam  in  the  vicinity  of  the 
drop  inlet  spillway  outlet  pipe  near  the  center  of  the  dam.  A 
grass  covered  slope  is  not  considered  adequate  protection  to 
prevent  erosion  of  the  embankment  by  wave  action  or  by 
fluctuations  in  the  lake  surface  level.  A  wave  berm  is 


considered  effective  if  located  at  the  normal  pool  level  but 
only  if  the  level  of  the  lake  remains  fairly  constant  and  wave 
action  is  negligible.  In  any  event  th^  slope  above  the  berm 
should  be  protected  by  vegetation. 

4.  Erosion  that  appeared  to  be  due  to  stormwater  runoff  has  created 
a  gulley  approximately  4  feet  deep  at  the  junction  of  the 
downstream  face  of  the  dam  and  the  left  abutment.  Loss  of 
embankment  by  erosion  can  be  detrimental  to  the  stability  of  the 
dam. 

5.  At  a  point  approximately  6  feet  below  the  top  of  the  drop  inlet, 
the  corrugated  metal  riser  section  of  the  inlet  was  corroded  in 
two  locations  with  some  minor  leakage  entering  the  inlet  through 
the  unsound  areas.  Since  most  of  the  outlet  is  submerged  it  was 
not  feasible  to  examine  the  entire  drop  inlet  or  the  outlet  pipe 
at  the  time  of  the  inspection.  It  is  recommended  that  the 
entire  spillway,  riser  section  and  outlet  pipe,  he  examined  for 
defects  since  an  opening  in  the  riser  or  outlet  pipe  could  allow 
infiltration  of  embankment  material  resulting  in  settlement  of 
the  dam. 

6.  Debris,  consisting  of  a  sheet  of  plywood,  several  large  boards, 
and  logs  were  found  along  the  upstream  face  of  the  dam. 

Numerous  boats  were  also  stored  in  and  about  a  boat  rack  located 
on  the  upstream  face  of  the  dam.  The  possibility  exists  that 
debris  as  well  as  unsecured  boats  could,  during  high  water,  clog 
or  partially  clog  the  opening  of  the  drop  inlet  spillway  and 
negate  its  effectiveness. 

According  to  the  criteria  set  forth  in  the  recommended  guidelines, 
the  magnitude  of  the  spillway  design  flood  for  the  Sugar  Hollow  Lake  Dam, 
which  is  classified  as  intermediate  in  size  and  of  high  hazard  potential, 
is  specified  to  be  the  Probable  Maximum  Flood  (PMFl.  Tlie  Probable  Maximum 
Flood  (PMF)  is  the  flood  that  may  be  expected  from  the  most  severe 
combination  of  critical  meteorologic  and  hydrologic  conditions  that  are 
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reasonably  possible  in  the  region.  The  PMF  is  ordinarily  accepted  as  the 
inflow  design  flood  for  dams  where  failure  of  the  structure  would 
increase  the  danger  to  human  life. 

Results  of  a  hydrologic/hydraulic  analysis  indicated  that  the 
spillways,  principal  plus  auxiliary,  are  inadequate  to  pass  lake  outflow 
resulting  from  a  storm  of  PMF  magnitude  or  the  outflow  resulting  from  tlie 
one  percent  chance  (100-year  frequency^  flood.  The  spillways  are 
capable,  however,  of  passing  lake  outflow  resulting  from  the  ten  percent 
chance  (10-year  frequency)  flood  and  the  outflow  correspond ing  to  about 
8  percent  of  the  PMF.  According  to  the  St.  Louis  District,  Corps  of 
Engineers,  the  length  of  the  downstream  damage  zone,  should  failure  of 
the  dam  occur,  is  estimated  to  be  six  miles.  The  Lake  Slierwood  Dam 
including  numerous  dwellings  adjacent  to  the  affected  areas  of  the  lake 
as  well  as  several  dwellings  downstream  of  the  Lake  Sherwood  Dam  are 
within  the  damage  zone. 

A  review  of  available  data  did  not  disclose  that  seepage  or  stability 
analyses  of  this  dam  were  performed.  This  is  considered  a  deficiency  and 
should  be  rectified. 

It  is  recommended  that  the  Owner  take  the  necessary  action  witliout 
undue  delay  to  correct  or  control  the  deficiencies  and  safety  defects 
reported  herein. 


Ralph  E.  Sautlioff 
P.  E.  Missouri  E-lDQdO 


Albert  H.  Becker,  Jr.  / 
P.  E.  Missouri  E-91f)8 
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PHASE  I  TNSEPCTION  REPORT 


NATIONAL  DAM  SAFETY  PROGR\M 

SUGAR  HOLLOW  LAKE  DAM  -  MO.  10522 

SECTION  1  -  PROJECT  INFORMATION 

1.1  GENERAL 

a.  Author itv .  The  National  Dam  Inspection  Act,  Public  Law  92-367,  dated 
8  A\igust  1972,  authorized  the  Secretary  of  th<'  An;  -,  tlirough  the  Corps  of 
Engineers,  to  initiate  a  program  of  safety  in;  'octioi.  of  Jams  throughout  the 
United  States.  Pursuant  to  the  above,  the  St.  Louis  District,  Corps  of 
Engineers,  directed  that  a  safety  inspection  of  the  Sugar  Hollow  Lake  Dam  be 
..lad'-  . 

b.  Purpose  of  Inspection,  The  purpose  of  this  visual  iospection  was  to 
make  ai  assessment  of  the  general  condition  of  the  dam  with  respect  to  safety 
and,  based  upon  available  data  and  this  inspection,  determine  if  the  dam  poses 
a  hazard  to  human  life  or  property. 

c.  Evaluation  Criteria.  This  evaluation  was  performed  in  accordance 
with  the  "Phase  I"  investigation  procedures  as  prescribed  in  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams,"  Appendix  D  to  "Report  to  the  Chief 
of  Engineers  on  the  National  Program  of  Inspection  of  Non-Federal  Dams,"  dated 
May  1975. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances.  The  Sugar  Hollow  Lake  Dam  is 
an  earthfill  type  embankment  rising  approximately  93  feet  above  the  original 
streambed.  The  embankment  has  an  upstream  slope  (above  the  waterline)  of 
approximately  Iv  on  2.2h,  a  crest  width  of  about  26  feet,  and  a  downstream 
slope  on  the  order  of  Iv  on  2. Oh.  A  20-foot  wide  roadway  surfaced  with 
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asphalt  traverse's  the  i.1am  crest.  Ttie  length  e  f  the  dam  is  approx  ima  te  1  v  '*20 
feet.  l.ake  Sherwood  abuts  the  ilownstream  face  of  the  dam  near  the  too  of 
slope.  At  normal  pool  level  Sugar  Hollow  Lake  occupies  approximately  17  acres 
and  Lake  Sherwood  about  I4l  acres.  A  pl.an  and  profile  of  the  Sugar  Hollow 
Lake  Dam  are  shown  on  Plate  A  and  a  cross-section  of  the  dam  is  shown  on  Plate 
S. 


The  dam  has  both  a  principal  and  an  auxiliary  spillway.  The  principal 
spillway  which  is  located  near  the  center  of  the  dam  consists  of  a  42-inch 
diameter  drop  inlet  with  a  42-inch  diameter  (according  to  Mr.  Emerson  Sanders, 
a  representat i ve  of  the  Owner'  outlet  pipe  that  passes  beneath  the  dam 
discharging  into  Lake  Sherwood.  Tne  outlet  end  of  the  pipe  is  submerged  by 
the  downstream  lako.  A  circular,  rod  type  trash  rack  prevents  debris  from 
entering  the  inlet  <and  a  vertical,  steel  plate  placed  across  the  inlet  opening 
is  provided  to  prevent  vortex ing  of  incoming  flow. 

The  auxiliarv  spillwav.  anothe.'-  42-inch  diameter  pipe,  is  located  at  the 
right  abutment.  Th(.'  spillwav  pii>e  also  passes  through  the  dam  but  at  an 
elevation  only  slightly  lower,  approximately  1.3  feet,  than  the  low  pc>int  of 
the  dam  crest.  The  outlet  channel  for  the  .auxiliary  spillway,  a  dish-shaped 
section  approximately  15  feet  wide,  follows  the  right  abutment  joining  Lake 
Sherwood  at  a  point  about  250  feet  downstream  of  the  dam.  A  profile  of  the 
principal,  drop  inlet  type,  spillway  as  well  as  a  profile  of  the  auxiliary 
spillway  is  showai  on  Plate  5. 

b.  Loc a t i on .  The  dam  is  located  on  an  unnamed  tributary  of  Wolf  Creek, 
within  the  Lake  Sherwood  Estates  Subdivision  development.  The  entrance  to 
Lake  Sherwood  Estates  is  located  just  west  of  State  Route  D  approximately  5 
miles  south  of  the  town  of  New  Melle  in  Warren  County,  Missouri,  as  shown  on 
the  Regional  Vicinty  Map,  Plate  1.  The  dam  is  located  in  the  northwest 
quadrant  of  Section  12,  Township  45  North  Range  1  West. 

c.  Size  Cl  ass i f i ca t ion .  The  size  classification  based  on  the  height  of 
the  dam  and  storage  capacity,  is  categorized  as  intermediate.  (Per  Table  1. 
Recommended  Oiidelines  for  Safety  Inspection  of  Dams.l 
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d.  Hazard  Cl  ass i Fi ca t ion .  Sugar  Hollow  Lake  Dam,  according  to  the  St. 
Louis  District,  Corps  of  Engineers,  has  a  high  hazard  potential,  meaning  that 
if  the  dam  should  fail,  there  may  be  loss  of  life,  serious  damage  to  homes,  or 
extensive  damage  to  agricultural,  industrial  and  commercial  f.icilities. 
important  public  utilities,  main  highways,  or  railroads.  The  estimated  flood 
damage  zone,  should  failure  of  the  dam  occur,  as  determined  by  the  St.  Louis 
District,  extends  six  miles  downstream  of  the  dam.  The  Lake  Sherwood  Dam, 
including  numerous  dwellings  adjacent  to  the  affected  areas  of  the  lake,  as 
well  as  several  dwellings  downstream  of  the  Lake  Sherwood  Dam  are  with'n  the 
damage  zone.  Those  features  lying  within  the  downstream  damage  zon*  repo’'ted 
by  the  Corps  of  Engineers,  St.  Louis  District,  were  verified  by  the  inspection 
team. 


e.  Ownership.  The  lake  and  dam  are  owned  by  the  Lake  Sherwood  Estates 
Association,  Post  Office  Box  85,  Lake  Sherwood,  Missouri  63357.  M’-.  Emerson 
Sanders  is  the  executive  Director  of  the  Association. 

f.  Purpose  of  Dam.  The  dam  impounds  water  for  recreational  use. 

g.  Design  and  Construction  History.  According  to  Mr.  Emerson  Sanders, 
Executive  Director,  Lake  Sherwood  Estates  Association,  the  dam  was  constructed 
during  the  period  from  1966  to  1968  and  the  builder  of  the  dam  was  the  Mertens 
Construction  Company  of  Fulton,  Missouri.  Efforts  to  contact  the  builder  were 
unsuccessful.  Mr.  Sanders  reported  that  no  records  of  the  original  dam  design 
or  construction  exist  in  the  Owner's  possession. 

An  investigation  to  determine  the  spillway  capacities  of  the  various  lake 
dams  within  the  Lake  Sherwood  Estates  development  including  the  Sugar  Hollow 
Lake  Dam,  was  made  by  Horner  &  Shifrin,  Inc.,  Consulting  Engineers,  and  a 
report  dated  March  13,  1978,  was  prepared.  A  plan  and  profile  drawing  of  the 
dam  by  County  Engineering  &  Surveying,  formerly  Lewis  and  Associates, 
Warrenton,  Missouri,  that,  according  to  Mr.  Larry  Bade  of  County  Eng inet*- ing , 
was  prepared  for  spillway  studies  by  engineering  consultants,  was  made 
available.  The  information  shown  on  this  drawing  which  is  dated  March  3, 

1978,  was  used  by  Horner  &  Shifrin  during  the  aforementioned  spillway 
investigations. 
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A  Phase  I  Inspection  Report  of  the  Lake  Sherwooil  Dam  was  prepared  in 
January  of  197D  by  Kenneth  Balk  &  Associates,  Inc.,  in  conjunction  witli 
Shannon  &  Wilson,  Inc.,  for  the  St.  Louis  District  Corps  of  Engineers. 

Although  the  principal  subject  of  this  report  is  the  Lake  Sherwood  Dam,  the 
investigations  include  a  hydro  logic /hydrau 1 ic  analysis  of  the  Sugar  Hollow 
Lake  Dam  spillwav. 

h.  Normal  Operational  Procedure.  The  lake  level  is  unregu lated .  Lake 
outflow  is  governed  by  the  capacity  of  a  drop  inlet  type  -spillway. 

1.3  PERTINENT  DATA 

a.  Drainage  Area.  With  the  exception  of  some  meadowland  in  the  upper 
regions  of  the  drainage  area,  the  lake  watershed  is  primarily  in  a  native 
state  covered  with  timber.  The  watershed  above  the  dam  amounts  to 
approximately  974  acres.  The  watershed  area  is  outlined  on  Plate  3, 

b.  Discharge  at  Damsite. 

(11  Estimated  known  maximum  flood  at  damsite... 95  cfs*  (W.S.  Elev.  654.6) 
(21  Spillway  capacity  (principal  +  auxi  1  iaryl  . . . 148  cfs  (W.S.  Elev.  657.6) 

c.  Elevation  (Ft.  above  MSL).  The  following  elevations  were 
determined  by  survey  and  are  based  on  the  elevation  of  the  top  of  the 
drop  inlet  spillway,  elevation  650,30,  as  shown  on  a  drawing  of  the  dam 
as  prepared  for  the  Owner  by  County  Engineering  &  Surveying  (formerly 
Lewis  &  Associates)  of  Warrenton,  Missouri. 

(1)  Observed  pool  ...  650.1 

(2)  Normal  pool  ...  650.3 

(3)  Spillway  crest 

a.  Principal  ...  650,3 

b.  Auxiliary  ...  656.3 

(4)  Maximum  experienced  pool  ...  654.6* 

(5)  Top  of  dam  ...  657.6  (min.) 

*  Based  on  an  estimate  of  lake  level  as  observed  by  Mr,  E.  Sanders. 
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(6)  Streambed  at  centerline  of  dam  ...  016+  (est.'' 


(7)  Maximnm  tailwater  ...  627. 6j+* 

(8)  Observed  tailwater  ...  620.3  (Lake  Sherwoodl 

d .  Reservoir. 

(1)  Length  at  normal  pool  (Elev.  650.3)  ...  2.500  ft. 

(2)  Length  at  maximum  pool  (Elev.  657.6)  ...  2,7^0  ft. 

e.  Storage . 

(1)  Normal  pool  ...  178  ac .  ft. 

(2)  Top  of  dam  (incremental)  ...  '35  ac .  ft. 

f .  Reservoir  Surface. 

(1)  Normal  pool  ...  16  acres 

(2)  Top  of  dam  (incremental)  ...  4  acre 

g.  Dam.  The  height  of  the  dam  is  defined  to  be  tb.e  overall 
vertical  distance  from  the  lowest  point  of  foundation  surface  at  the 
downstream  toe  of  the  barrier  to  the  top  of  the  dam. 

(1)  Type  ...  Earth  fill 

(2)  Length  ...  420  ft. 

(3)  Height  ...  43  ft.  (est.) 

(4)  Top  width  ...  26  ft. 

(5)  Side  slopes 

a.  Upstream  ...  Iv  on  2.2h  (above  waterline) 

b.  Downstream  ...  Iv  on  2. Oh 

(6)  Cutoff  ...  Unknown 

(7)  Slope  protection 

a.  Upstream  ...  Grass,  wave  berm 

b.  Downstream  ...  Grass 

*  Per  Phase  I  Inspection  Report,  Lake  Sherwood  Dam,  January  1979. 


(1)  Type  ...  Uncontrolled,  drop  inlet  with  anti-vortex  plate 
and  trash  rack. 

(2)  Location  ...  Near  center  of  dam 

(3)  Crest  elevation  ...  650.3 

(4)  Approach  channel  ...  Lake 

(5)  Ojtlet  pipe  ...  42-Inch  corrugated  metal  pipe* 

(6)  Outlet  channel  ...  Lake  Sherwood 


Auxiliary  Spillwav. 


(1)  Type  ...  Uncontrolled,  42-inch  corrugated  metal  pipe 

(2)  Location  ...  Right  abutment 

(3)  Invert  elevation 

(a)  Upstream  ...  656.3 

(b)  Downstream  ...  655.0 

(4)  Oitlet  channel  ...  Dish-shaped  section,  15  feet  wide 


Lake  Drawdown  Facility 


*  Per  Mr.  E.  Sanders,  Executive  Director,  Lake  Sherwood  Estates 
Assoc iation. 
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SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

No  data  regarding  the  design  of  the  dam  wer.l  available.  \ccording  to  Mr. 
Emer'^on  Sanders.  Executive  Director,  Lake  Sherwood  Estates  Association,  the 
dam  was  designed  and  constructed  by  the  Mertens  Construction  Company  of 
Fulton,  Missouri.  Efforts  to  contact  the  Mertens  Company  were  unsuccessful. 

An  investigation  to  determine  the  spillway  capacity  of  the  dam  as  well  as 
the  other  four  dams  within  the  Lake  Sherwood  Estates  Subdivision,  was  made  for 
the  Owner  by  Horner  &  Shifrin,  Inc.,  in  1^)78.  In  the  Horner  &  Shifrin  report, 
dated  March  13.  1*178,  the  consultants  concluded  that  the  spillwav  for  the 
Sugar  Hollow  Lake  Dam,  with  an  allowance  of  1  foot  of  freeboard,  had  a 
capacity  of  about  115  c  f  s ,  which,  as  stated  in  the  report,  corresponded  to  t'  ' 
lake  outflow  produced  bv'  a  storm  with  a  1  — year  occurrence  frequcncv. 

In  the  Phase  I  Inspection  Report  for  the  Lake  Sherwood  Dam. 
prepared  by  Kenneth  Balk  S  Associates,  etal.  in  January,  1979,  the  consultants 
concluded  that  the  spillway  for  the  Sugar  Hollow  Lake  Dam  had  a  capacity 
without  freeboard  of  approx iraate Iv  155  cfs,  which  according  to  the  report 
corresponded  to  less  than  5  percent  of  the  probable  maximum  flood. 

2.2  CONSTRUCTION 

No  data  regarding  construction  of  the  dam  were  available.  According  to 
Mr.  Sanders  the  dam  was  constructed  during  the  period  1*^66  to  1968  and  was  the 
first  dam  constructed  in  the  development. 

2.3  OPERATION 

The  lake  level  is  uncontrolled  and  governed  by  the  crest  elevation  of  the 
principal  spillway,  a  drop  inlet  type  structure,  located  near  the  center  of 
-he  dam.  The  auxiliary  spillway,  a  42-inch  diameter  pipe,  with  a  crest 
elevation  approximately  6.0  feet  higher  than  the  crest  of  the  p-incipal 
spillway  and  about  1.3  feet  lower  than  the  top  of  the  dam  at  its  lowest  point, 
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is  located  at  the  right  abutment.  No  indication  was  found  th..t  the  darn  has 
been  overtopped.  Mr.  Sanders,  reported  that  the  dam  has  never  been  overtopped 
and  that  the  highest  lake  surface  observed  occurred  during  March  of  1977  when 
the  lake  level  was  within  about  3  feet  of  the  dam  crest,  approximately  4.3 
feet  above  the  crest  of  the  drop  inlet  spillway,  Mr.  Sanders  reported  that 
this  high  water  elevation  was  in  part  a  result  of  blockage  of  the  spillway 
opening  by  an  unmoored  canoe.  In  April  of  1979  Mr.  Sanders  stated  that  the 
lake  reached  a  level  that  was  estimated  to  be  approximately  5  feet  below  the 
crest  of  the  dam, 

2.4  EVALUATION 

a.  Availabil i tv.  With  the  exception  of  the  spillway  study  by  Horner  S 
Shifrin  in  1978  and  by  Kenneth  Balk  &  Associates  in  1979,  no  engineering  data 
for  assessing  the  design  of  the  dam  were  available. 

b.  Adequacy.  No  structural  design  data  available.  Seepage  and 
stability  analyses  comparable  to  t'.e  requirements  of  the  "Recommended 
Guidelines  for  Safety"  were  not  available,  which  is  considered  a  deficiency. 
These  seepage  and  stability  analyses  should  be  performed  for  appropriate 
loading  conditions  (including  earthquake  loads’)  and  made  a  matter  of  record. 

Both  the  Horner  &  Shifrin  spillway  study  and  the  investigation  of  spillway 
capacity  by  Kenneth  Balk  &  Associates  indicated  the  spillway  for  the  Sugar 
Hollow  Lake  Dam  to  be  seriously  inadequate. 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  Genera  1 .  A  visual  inspection  of  the  Sugar  Hollow  Lake  Dam  was  made 
by  Horner  &  Shifrin  enginea-ing  personnel,  R.  5.  Sauthoff,  Civil  Engineer,  and 
A,  B.  Becker,  Jr.,  Civil  and  Soils  Engineer,  on  20  May  1980.  An  examination 
of  the  dam  area  was  also  made  by  an  engineering  geologist,  Jerry  D.  Higgins. 
Ph.  D. ,  a  consultant  retained  by  Horner  &  Shifrin  for  the  purpose  of  assessing 
the  site  geology.  .klso  examined  at  the  time  of  the  inspection,  were  the  areas 
and  features  below  the  dam  within  the  potential  flood  damage  zone. 

Photographs  of  the  dam  taken  at  the  time  of  the  inspection  are  included  on 
Pages  A-1  through  A-6  of  Appv'-ndix  A.  The  locations  of  the  photographs  taken 
during  the  inspection  are  indicated  on  Plate  A. 

b.  Site  Geology.  Tlie  dam  area  is  located  near  the  northern  edge  of  the 
Ozark  Plateaus  Phys "ograph ic  Province,  close  to  the  bor.ler  with  the  Dissected 
Till  Plains  Section  of  the  Central  Lowlands  Physiographic  Province.  The 
topography  is  moderately  rugged  with  steep  valley  walls,  and  there  is 
approximate  !;•  160  feet  of  relief  between  the  ’-eservoir  and  the  surrounding 
drainage  divides.  The  bedrock  formations  consist  of  gently  northward -d i pp i ng 
Ordovician-age  sedimentary  strata  of  the  Plattin  and  Kimmswick  formations. 

The  Mississippian-age  Chouteau  formation  is  reported  to  cap  the  surrounding 
ridgetops.  The  rock  strata  is  pr-^dominant  ly  limestone.  Scattered 
Pennsylvanian-age  sink  deposits  of  sandstone  and  shale  rubble  were  observed  in 
the  Kimmswick  limestone  near  ridgetops.  The  dam  and  reservoir  are  located 
entirely  on  the  Plattin  limestone  with  the  Kimmswick  limestone  exposi:“d  in  the 
valley  walls  above  the  dam. 

The  Plattin  formation  is  composed  of  evenly-bedded,  gray,  finely- 
crystalline  to  micritic  limestone.  Although  the  Plattin  formation  exhibits 
solution  weathering  features  in  some  areas  of  eastern  Missouri,  no  karst 
features  were  evident  in  the  area  of  the  dam  embankment,  and  bedrock  in  the 
abutments  did  not  appear  to  be  highly  solution-weathered.  Plattin  limestone 
is  exposed  in  both  abutments  and  along  the  shoreline.  The  Kimmswick  formation 
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is  a  light  gray,  coarsely  crvstalline,  meii  ium-hedded  to  massive  limestone. 

Weathered  exposures  charac t er  i  s t ica  i  1 v  appear  pitted.  The  Kimmswick  is  highlv 
so lut ion-wea thered ,  forming  an  irregular  bedrock  surface.  Pennsylvanian-age 
sediments  of  mainly  sandstone  aid  shale  rubble  fill  many  of  the  solution 
features  in  the  Kimmswick.  Tlie  Kimmswick  outcrops  in  the  road  cut  above  the 
left  abutment  of  the  dam,  as  well  as  near  the  ridgetops  around  the  reservoir. 

The  formation  occurs  well  above  the  dam  and  reservoir  and  does  not  affect 
their  performance. 

The  unconsolidated  surficial  materials  are  composed  primarily  of  thin, 
stony,  residual  :  oils  of  the  Gasconade  series.  This  series  consists  of 
shall nw,  somewhat  excessively  drained  soils  derived  from  weathering  of 
limestone  and  thinly  interbedded  shale.  They  consist  of  dark  grayish -brown, 
stony,  (limestone  fragments'),  silty  clays  near  the  surface  and  rapidlv  grade 
into  dark  brown  silty  clay  with  depth.  The  area  exhibits  an  intricate  pattern 
of  shallow  soils  and  exposed  bedrock.  According  to  the  Unified  Soil 
Classification  System  the  soils  range  in  c 1  ass i f icat ion  from  CL  to  GC,  are 
moderately  permeable,  but  generally  suited  for  embankments  and  water 
impoundments,  if  soil  thickness  is  adequate.  Seepage  through  the  thin  soils 
into  bedrock  is  common. 

There  appear  to  be  no  other  significant  geology-related  problems  at  the 
Sugar  Hollow  site.  No  adverse  geologic  conditions  were  observed  that  would  bo 
considered  conducive  to  severe  leakage  or  embankment  instability. 

c.  Dam.  The  visible  portions  of  the  upstream  and  downstream  faces  of 
the  dam  (see  Photos  1  and  2l  as  well  as  the  dam  crest  were  inspected  and 
appeared,  except  where  damaged  by  erosion,  to  be  structurally  sound.  No  undue 
settlement,  cracking  of  the  surface  or  horizontal  misalignment  of  the  dam 
crest  was  noticed.  The  upstream  face  of  the  dam,  although  unprotected,  showed 
little  evidence  of  erosion  at  the  waterline.  However,  near  the  downstream  toe 
of  the  dam  at  a  location  in  line  with  and  in  the  vicinity  of  the  spillway 
outlet  pipe,  erosion  of  the  embankment  had  created  a  near  vertical  bank  (see 
Photo  7)  approximately  2  feet  high.  The  junction  of  the  downstream  face  of 
the  dam  and  the  left  abutment  was  cluttered  with  large  fallen  trees  and 
overgrown  with  small  trees,  vines  and  brush  (see  Photo  9)  such  that  a  thorough 
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examination  of  the  area  was  not  possible.  However,  erosion,  apparontlv  hv 
overland  drainage  (see  Photo  lOl,  had  removed  embankment  material  up  to  a 
depth  of  about  4  feet  at  the  intersection  of  the  dam  and  the  abutment  at  a 
location  near  the  mid-height  of  the  dam.  Trees  up  to  3  inches  in  diameter  and 

several  areas  of  lense  brush  (see  Photo  1)  were  found  on  the  downstream  face 

of  the  dam.  A  similar  condition  was  noted  on  the  upstream  face  of  the  dam 
(see  Photo  1)  in  the  vicinity  of  the  left  abutment.  Ck'bris,  consisting  of  a 
sneet  of  plywood,  boards,  and  logs  (see  Photo  111,  that  could  clog  the 
spillway  opening  were  also  found  along  -he  upstream  face  of  the  dam.  A  boat 
rack  with  many  small  boats  in  storage  was  also  observ'ed  at  the  upstream  face 
of  the  dam.  It  could  not  be  determined  if  all  the  boats  that  were  stored  in 
the  rack  as  well  as  in  the  immediate  vicinity  of  the  rack  were  adequately 
secured  in  orler  to  prevent  clogging  of  the  spillwav  during  high  water. 

Seepage  of  a  minimal  amount  was  noticed  near  the  downstream  toe  of  slope 
at  both  abutments  as  well  as  near  the  center  (sec  Photo  8'  ef  the  dam.  Due  zo 
the  fact  that  Lake  Sherwood  abuts  the  toe  of  the  dam.  it  could  not  be 

determined  if  seepage  beneath  the  dam  was  occurring. 

An  examination  of  a  soil  sample  obtained  from  the  downstream  ^ace  of  the 
dam  indicated  the  material  to  be  a  reddish-brown  lean  .'lay  (CL)  of 
low-to-med  iura  plasticity. 

The  visible  portions  of  the  drop  inlet  principal  spillway  (see  Photo  3) 
was  inspected  and  except  for  a  light  coating  of  rust  on  the  rod  tvpe  trash 
screen  and  anti -vortex  plate,  was  found  to  be  in  reasonably  good  condition. 
However,  at  a  depth  approximately  6  feet  below  the  top  of  the  inlet  two  small 
openings  that  appeared  to  be  a  result  of  corrosion  of  the  corrugated  roe-al 
riser  section  were  observed.  Minor  leakage  into  the  inlet  as  well  as  the 
earth  fill  about  the  exterior  of  the  riser  .section  could  be  seen  at  the 
openings.  The  downstream  end  of  the  spillway  outlet  pipe  was  submerged 
approximately  2  feet  by  Lake  Sherwood  and  could  not  be  inspected. 
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Tlio  '.ipstrean  and  downst  r-'atn  ends  nf  t^'.e  42-inch  diameter  auxiliary 
sp  i  1  Iwav  (see  Photos  4  and  5'’  were  examined  and  both  appeared  to  be  in  good 
condition,  although  a  small  mound  of  eaith  on  the  order  of  10  inches  high 
partiallv  blocked  the  pipe  opening  at  the  upstream  end.  I^e  outlet  channel 
for  the  auxiliary  spillway  (see  Photo  6),  with  the  exception  of  several  small 
trees  that  were  noticed  n>.ar  the  downstream  end  of  the  channel,  was  also  fo  nd 
to  be  in  good  condition. 

1.  Downstream  Channel.  Lak’  Sherwood  abuts  the  toe  of  he  dam.  The  dam 
for  Lake  Sherwood  is  located  approximately  1  mile  downstream  of  tne  Sugar 
Ho’ low  Lake  Dam.  The  channel.  Wolf  Creek,  downstream  of  the  Lake  Sherwood  Dam 
is  unimproved.  Wolf  Creek  ioins  Tuque  Creek,  which  is  also  unimproved, 
app rox  imate 1 V  2  miles  downstream  of  the  Lake  Sherwood  Dam.  Tuque  Creek  meets 
the  Missouri  Ri'’er  flood  plain  about  3  miles  downstream  of  the  Wolf  Creek 
iunc  tu  re . 

’•  Seservo  ir .  The  area  about  the  lake  is  densely  covered  with,  trees  and 
for  the  most  part  in  a  natural  state.  No  erosion  of  the  lake  batiks  was 
evident.  Tlic  amount  of  sediment  within  the  lake  couH  nit  be  determined  at 
the  time  o*’  the  inspection;  however,  judging  bv  the  natural  and  undisturbei 
condition  of  the  area  in  the  vicinity  of  the  lake,  the  quantity  is  believed  t.' 
'^e  negligible. 

3,2  EVALUATION 

The  deficiencies  observed  during  this  inspection  and  noted  herein,  are  not 
considered  of  significant  importance  to  warrant  immediate  remedial  action. 

Comparison  of  top  of  dam  elevations  obtained  at  the  time  of  the  inspection 
with  dam  profile  data  shown  on  the  drawing  prepared  by  Lewis  and  Associates  n 
1978,  indicated  no  discernable  settlement  had  occurred  in  the  interim. 
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SECTION  4  -  0'’ERATIONAL  I’R('CEDURES 


4.1  PROCEDURES 

The  spill'.\‘ys  are  uncontrolled.  The  lake  surface  level  is  governed  h.- 
prec  i  tat  1  on  runoff,  evaporation,  seepage,  and  the  capacitv  of  thie 
uncontrolled  principal  and  emergency  spillways. 

4.2  VAINTENANCE  OF  DAM 

According  to  Mr.  Emerson  Sanders,  Executive  Director.  E.;ke  Sherwood 
Estates  .^ssoc i a t i on ,  routine  maintenance,  such  as  grass  mowing  and  clearing  of 
the  drop  inlet  spillwav  intake  is  done  per  iod  ica  1 1  v .  Hos-cver,  iudging  bv  the 
growth  of  trees  and  brush  on  the  upstream  and  downstream  fares  as  well  a'  the 
eroded  areas  at  the  d.'u’nstream  toe  and  left  abutment  of  the-  dam.  tho 
inspection  team  is  of  the  opinion  that  maintenance  of  the  i,:m  proper  has  - 
s  o  mewh  e.  t  :ir  g  1  e  c  t  d  . 

4."  M/MN’-TiNANCE  OF  OPERATING  FACILITIES 

No  n;tlt!t  facilities  requir'ng  operation  exist  at  this  dam.  and  there  is 
no  reservoir  regulation  plan. 

4.4  DFSCRIPTICN  OF  ANY  WARMING  SYSTEM  IN  EFFECT 

Tlie  inspection  did  not  reveal  the  existence  of  a  dam  failure  warn'ng 
system. 

4.5  EVALUATION 

Lack  of  adequate  maintenance  is  considered  detrimental  to  the  safetv  of 
the  dam.  It  is  recommended  that  maintenance  of  the  Ham  proper  he  undertakirn 
on  a  regular  basis  and  that  records  be  kept  of  all  major  items  of  maintenance 
work  performed.  It  is  al.so  recoirmended  that  a  detailed  inspection  of  the  dam 
be  instituted  on  a  regular  basis  by  an  engineer  experienced  in  the  design  and 
construction  of  dams  and  that  records  be  kept  of  all  inspections  made  and 
remedial  measures  taken. 


4-1 


SECTION  5  -  HYDRAULIC /HYDROLOGIC 


S.l  EVALUATION  OF  FEATURES 

a.  Design  Data.  Desipn  data  were  not  available. 

H.  Experience  Data.  The  drainage  area  and  lake  surface  area  were 
developed  from  the  1^172  USGS  New  MeMe,  Missouri,  Quadrangle  Map.  The 
proportions  and  dimensions  of  the  spillways  and  dam  were  developed  from 
surveys  made  during  the  inspection.  Records  of  rainfall,  streamflow,  or  flood 
data  for  the  watershed  were  n^'t  available. 

According  to  the  St.  Lo<]is  District,  Corps  of  Engineers,  the  estimated 
flood  damage  7.one,  should  failure  of  the  dan  occur,  extends  six  miles 
downstre.m  of  the  dam.  Lake  Sherwood  with  a  surface  area  of  approximately  1/*  1 
acres  lies  immediately  'lowr. stream  of  the  dam. 

c  .  y i  sua  1  'Dhserva  t  ions . 

/ 1  1  Tlie  principal  spillway,  located  near  the  center  of  the  dam, 
consists  of  i  42-inch  diameter  corrugated  metal  pipe  drop  inlet,  with  a 
42-inch  diameter  corrugated  metal  pipe  outlet  unde'  the  dam  discliarginc  into 
Lake  Sherwood.  The  outlet  end  of  the  pipe  is  submerged  by  the  lower  lake.  A 
rod  tvpe  trash  guard  and  a  stoel  anti-vortex  plate  are  installed  at  the 
entrance  to  the  drop  inlet. 

f2)  The  auxiliary  spillwav.  also  a  42-inch  diameter  corrugated  metal 
pipe,  is  located  at  the  right  abutmenc,  and  extends  through  the  dam  with  the 
invert  elevation  about  1.3  feet  lower  than  the  low  point  of  the  dam  crest. 

The  auxiliary  spillway  outlet  channel,  a  dish-shaped  section  approximately  13 
feet  wide,  follows  the  right  abutment  and  joins  Lake  Sherwood  about  250  feet  a 
downstream  of  the  dam. 


(3)  No  lake  drawdown  facilities  are  provided. 


d.  Overtoppins  Potential.  TIip  spillwavs  (principal  and  anx  i  1  i  arv'' 
inadequate  to  pass  the  probable  maxitmira  flood,  1/2  thi?  probable  max  imun  flood, 
or  the  1  percent  chance  (lOO-year  frequency^  flood  without  over t .ipp i ng  the 
dam.  The  lesults  of  the  dam  overtopping  analvses  are  as  follows: 

(Note:  Tlie  data  appearing  in  the  following  table  has  been  extracted,  from  the 

computer  output  data  appearing  in  Appendix  B.  Decimal  values  have  been 
rounded  tc  the  nearest  one-tenth  in  order  to  prevent  assumption  of  mwarranted 
accurnev . '' 


Max.  Depth  (Ft.l 

Durat ■ nn  of 

Q-Peak 

Max  Take 

.a  f  Flow  over  D.am 

'""'•v-.  rtopp  i  ng  e 

Ratio  of  DMF 

Out  flow  (  c  fs  ) 

W.S.  F.lev. 

(Elev.  b37.b'i 

0  ^  Dam  1  Hr s . ) 

0.  bO 

6,070 

662.9 

1 

i 

1 

! 

1 

i 

1 

11.3 

1.00 

12,617 

663.3 

"  .  7 

17.9 

ri  C'', nnce  Flood 

297 

658.3 

b,''' 

"levation  b37.6  was  found  to  be  the  lowest  point  i tne  dam  c--  st.  The 
flow  safely  passing  the  spillway  (principal  +  auxiliarv)  just  prior  to 
overtopping  amounts  to  approx  imate  ly  148  cfs,  which  '  -  the  :-euted  oitflow 
correspond  ing  to  about  8  per  tent  of  the  probable  maxirnim  fli'od  inflow.  During 
peak  '^low  of  the  probable  maximum  flood,  the  gr'‘atost  dep-h  of  flow  over  tbe 
dam  is  projected  to  be  7.7  feet  and  overtopping  will  extend  across  the  entire 
lenstb  of  the  dam. 


e.  Evaluation  of  Overtopping  Effect.  Experience  with  embanVnents 
constructed  of  similar  material  (a  redish  brown  lean  clay  of  1 ow-to-me 1 iura 
plasticity)  to  that  used  to  construct  this  dam  have  shoivn  evidence  that  the 
material  under  certain  conditions,  such  as  high  velocity  flow,  can  be  very 
erodible.  An  example  of  such  erosion  is  apparent  at  the  junction  of  the 
downstream  face  of  the  dam  and  left  abutment.  Such  a  condition  exists  during 
the  PMF  when  large  lake  outflow,  accompanied  by  high  f  o,w  velocities,  occurs. 
For  the  i’MF  condition  where  tlie  depth  of  flow  over  the  dam  crest  and  the 
duration  of  flow  over  the  dam,  7.7  feet  (m.Hximum)  and  H . hou’-s, 
respectively,  are  substantial,  damage  by  erosion  to  the  downstre.am  face  of  the 
dam  is  expected.  The  extent  of  this  damage  is  not  predictable;  however,  there 
is  a  possibility  that  it  could  result  in  failure  by  erosion  of  the  dam. 
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f.  Re ferences.  Procedures  and  data  for  determining  the  probable  maximum 
flood,  the  100-year  frequency  flood  and  the  10-year  frequency  flood,  end  the 
discharge  racing  curves  for  flow  passing  the  spillways  and  dam  crest  are 
presented  on  Pages  ’'-1  through  B-3  of  Appendix  B.  Listings  of  the  HEC-1  (Dam 
Safety  Version)  input  data  for  the  probable  maximum  flood,  the  100-year 
frequency  flood,  and  the  :0-y3ar  frequency  flood  are  shown  on  pages  B-4 
through  B-8.  Computer  output  dnta,  including  unit  hydrograph  ordinates, 
tabulation  of  PMF  rainfall,  loss  and  inflow  data  are  shown  on  pages  B-9 
through  B-12;  tabulation  of  lake  surface  area,  elevation  and  storage  volume  is 
shown  on  page  B-13;  and  tabulation  titled  "Summary  of  Dam  Safety  Analysis"  for 
the  PMF  is  also  shown  on  page  B-13.  Tabulations  t’^led  "Summary  of  Dam  Safety 
Analysis"  for  the  1  percent  chance  (100-year  frequency)  flood  and  for  the  10 
percent  chance  (10-year  frequency)  flood  are  shown  on  page  B-14. 
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SECTION  ^  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observa  t  ions .  Visual  i'>Sst?rva  t  ions  of  conditions  which 
.aJversoIv  nffoct  the  structural  stability  of  the  drcn  are  discussed  in  Section 
I,  paragraph  3.1c. 

h.  Design  and  Construction  Data.  No  design  or  construction  data 
relating  to  the  structural  stability  of  thi  dam  ar*  known  to  exist.  Seepage 
and  sta'iilitv  analyses  comparahle  to  the  requirements  of  the  "Recoianended 
Ciiidol'nes  for  Safetv  Inspection  of  Dams"  were  rot  avaialhle.  which  is 
considered  ,a  deficiency.  These  seepage  and  stahil’tv  analvses  should  be 
performed  for  appropriate  loading  conditions  (including  eart'iquake  loadsl  and 
ma If  a  natter  of  record. 

c.  Operating  Records.  No  appurtenant  strr.ctures  or  "acilities  requiring 
operation  exist  at  this  dam.  According  co  Mr.  L'merson  Stnd'Crs,  Executive 
Director  for  the  Lake  Sherwood  Estates  Association,  no  records  are  kept  of  the 
'  ake  level,  spillway  discharge,  dam  settlement,  or  s  ep.ige. 

d.  Post  Construction  Changes.  Mr.  Sanders  also  reported  that  to  his 
knowledge  nvo  post  construction  changes  have  been  made  or  have  occurr'.'d  which 
weuld  affect  the  structural  stabilitv  of  the  dam. 

e.  Seismic  Stability.  The  dam  is  located  in  an  area  close  to  the 
boundary  separating  the  Tone  I  and  Tone  IT  seismic  probability  areas.  An 
earthquake  of  the  magnitude  that  might  occur  in  this  area  would  not  b<’ 
expected  to  cause  structural  damage  to  a  well  constructed  earth  dam  of  this 
size  provided  that  static  stability  conditions  are  satisfactory  and 
conventional  safety  margins  exist.  However,  it  is  reci'nraended  that  the 
prescribed  seismic  loading  be  applied  in  any  stabilitv  .inalvses  performed  for 
this  dam. 
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SECTION  7 


ASSESSMENT /REMEDIAL  MEASURES 


7.1  D,VM  ASSESSMENT 

a.  Sa  faty .  A  hydraulic  analysis  indicated  that  the  spillways  (principal 
plus  auxiliary)  are  capable  of  passing  lake  outflow  of  about  148  cfs  withrut 
the  level  of  the  lake  exceeding  the  low  point  in  the  top  of  the  dam.  A 
hvvirologic  analysis  of  the  lake  watershed  area,  .is  discussed  in  Section  5, 
paragraph  S.ld,  indicates  that  for  storm  runoff  of  probable  maximum  flood 
magnitude,  the  lake  outflow  would  be  about  12,617  'fs,  and  that  for  the  1 
p’rcent  chance  (100-year  frequency)  flood,  the  lake  outflow  would  be  about  2^7 
cfs.  A  similar  analvsis  indicated  that  for  t!ie  10  percent  (lO-vear  frequency) 
flood,  the  lake  outflow  would  be  approx  imate  Iv  ‘^S  cfs. 

Seepage  and  stabilitv  analyses  of  the  dam  were  not  available  for  review 
and  therefore  no  judgment  could  he  made  with  respect  to  the  structural 
stab  i  1  ity  of  the  dam. 


Several  items  were  noticed  during  the  inspection  that  could  adversely 
affect  tl'.e  safetv  of  the  dam.  These  items  inchrle  trees  and  brush  on  the  dam 
■  I'pes.  erosian  of  the  errhankraent.  seepage,  and  the  lack  of  adequate  erosion 
protectic'n  along  the  upstream  and  downstream  faces  of  the  dam. 

b.  Adequacy  of  Information.  Due  to  lack  of  design  and  construction 
data,  the  assessments  reported  herein  w.ti’  based  or  i-aternal  conditions  as 
determined  during  the  visual  inspection.  Tlie  assessment  of  the  hydrology  of 
the  watershed  and  capacities  of  the  spillways  were  based  on  a  livdrologic/ 
hydraulic  study  as  indicated  in  Section  5.  Seepage  and  stability  analyses 
comparable  to  the  requirements  of  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams"  were  not  available,  which  is  considered  a  deficiency. 

c.  Urgency .  The  remedial  measures  recommended  ’n  paragraph  7.2  for  the 
items  concerning  the  safety  of  the  dam  as  noted  in  paragraph  7.1a,  should  be 
accomp 1 i shed  without  undue  delay.  It  is  recommended,  that  priority  be  given 
to  increasing  the  capac  itv  of  the  spillwav  outlets  which  are  considered  to  *^e 
seriously  inadequate. 
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d.  Necessity  for  Phase  TI.  Based  on  the  results  of  the  Phase  I 
inspection,  a  Phase  IT  investigation  is  not  recoiamended. 

e.  Seismic  Stability.  The  dam  is  located  in  an  area  close  to  the 
boundary  separating  the  Zone  I  and  Zone  II  seismic  probability  areas.  An 
earthquake  of  the  magnitude  that  might  occur  in  this  area  would  not  be 
expected  to  cause  structural  damage  to  a  well  constructed  earth  dam  of  this 
size  provided  that  static  stability  conditions  are  satisfactory  and 
conventional  safety  margins  exist.  However,  it  is  recommended  that  the 
prescribed  "^eismic  loading  be  applied  in  any  stability  analyses  performed  for 
th  is  dam. 

7.2  REMEDIAl,  MI'..\SURES 

a.  Recommendat ions .  The  following  actions  are  recomnended : 

(11  Based  upon  criteria  set  forth  in  the  rec  snr",-- n.'.-d  guidelines, 
spillway  size  and  for  height  of  dam  should  h'^  increased  tii  pass  hake  outflow 
re.s?i  ’  t ;  eg  from  a  storm  of  probable  maximum  flood  magnitude, 

(2)  Obtain  the  necessary  soil  data  and  perf'>rm  dam  seepage  and 
stabi’itv  analyses  in  order  to  determine  the  structural  stability  of  the  dam 
for  all  operational  conditions.  Seepage  and  stability  analyses  should  be 
perf.irmed  bv  a  qualified  professional  engineer  experienced  ’’n  the  design  and 
construction  of  earthen  dams. 

b.  Operations  and  Maintenance  (0  &  M)  Procedures.  The  following  0  M 
Procedures  are  recommended: 

(1)  Remove  the  trees  and  undergrowth  that  mav  conceal  animal  burrows 
from  the  upstream  and  downstream  faces  of  the  dam.  Tree  roots  and  animal 
burrows  can  provide  passageways  for  lake  seepage  that  could  lead  to  a  piping 
condition  and  failure  of  the  dam. 
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(21  Provide  some  means  of  controlling  seepage  evident  in  the  areas 
just  above  the  downstream  toe  of  the  dam.  Uncontrolled  seepage  can  lead  to  a 
piping  condition  which  could  result  in  failure  of  the  dam. 

(31  Provide  some  form  of  protection  other  than  grass  for  the 
upstream  face  of  the  dam  at  and  above  the  normal  waterline  in  order  to  prevent 
erosion.  A  similar  type  of  protection  should  be  provided  at  the  downstream 
toe  of  the  dam  through  the  limits  of  level  of  Lake  Sherwood. 

(4)  Provide  some  form  of  protection  to  prevent  erosion  of  the 
embankment  by  overland  drainage  at  the  junction  of  the  downstream  face  of  the 
dan  and  the  left  abutment.  Loss  of  embankment  by  erosion  can  result  in 
instability  of  the  dam. 

(51  Assess  the  condition  of  the  drop  inlet  spillway  including  the 
outlet  pipe  that  passes  beneath  the  dam  in  order  to  determine  if  additional 
openings  and  for  unsuund  areas  (the  corrugated  metal  pipe  riser  section  wis 
noticeably  corroded  at  a  location  about  6  feet  below  the  top  of  thi->  inletl 
exist.  An  opening  in  the  inlet  or  outlet  pipe  could  allow  infiltration  o*" 
embankment  material  resulting  in  settlement  of  the  dam. 

(5)  Remove  the  large  items  of  debris  (plywood,  boards,  logsl  from 
the  upstream  face  of  the  dam.  Floating  objects  including  boats  can  clog  or 
partially  clog  the  drop  inlet  spillwav  opening  and  negate  its  effectiveness. 

It  is  recommended  that  the  Own>’r  take  whatever  measures  necessary  to  insure 
that  all  boats  are  secured  to  their  moorings  to  eliminate  the  possihilitv  of 
floating  free  while  unattended  during  high  water. 

(7)  Provide  maintenance  of  all  areas  of  the  dam  and  spillways  on  a 
regularly  scheduled  basis  in  order  to  insure  features  of  being  in  satisfactory 
operational  condition. 

(8)  A  detailed  inspection  of  the  dam  should  be  institiited  on  a 
regular  basis  bv  an  engineer  experienced  in  the  design  and  construction  of 
dams.  It  is  also  r<’coinmended ,  for  future  reference,  that  records  be  kept  of 
all  inspections  made  and  remedial  measures  taken. 
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HYDROLOGIC  AND  HYDRAULIC  COMPUTATIONS 


1.  Tlie  HEC-1  Dam  Safety  Version  (July  1978,  Modified  26  February  1979'' 
program  was  used  to  develop  inflow  and  outflow  hydrographs  and  dam  overtopping 
analyses,  with  hvdrolog’c  inputs  as  follows; 

a.  Probable  maximum  precipitation  (200  sq.  mile,  24-hour  value  equals 
25.1  inches)  from  Hydrometeorological  Report  No.  3I.  The 
precipitation  data  used  in  the  analyses  of  the  1  percent  chance 
(!00-year  frequency)  flood  and  the  10  percent  chance  (10-year 
frequencv)  flood  was  provided  by  the  St.  Louis  District,  Corps  of 
Engineers.  Due  to  the  fact  that  the  watershed  for  this  reservoir  is 
small,  the  lake  level  was  assumed  to  be  at  normal  pool  as  a  result  of 
antr cedent  storms  prior  to  occurrence  of  the  PMF  and  the 

prob .’H i  1 !  s t  ic  storms. 

b.  Drair.agk'  area  =  1,52  square  miles  =  974  acres. 

c.  SCS  parameters: 

q  0.385 

Time  of  Concentration  (T~)  =  =  0.541  hours 

H 

Where:  T  =  Travel  time  of  water  from  hydraulically  most  distant 

c 

point  to  point  of  interest,  hours 
L  =  Length  of  longest  watercourse  =  1.44  miles 

H  =  Elevation  difference  =  175  feet 

Lag  Time  =  0.325  hours  (0.60  T^) 

The  time  of  concentration  (T  )  was  obtained  using  Method  C  as 

c 

described  in  Figure  30,  "Design  of  Small  Dams",  by  the  United 
States  Department  of  the  Interior,  Bureau  of  Redamation,  and  was 
verified  using  average  channel  velocity  estimates  and 
watercourse  lengths. 


HvJrologic  soil  group  =  30%R,  36%C  an.1  34"D,  por  ?CS  Oountv  Soi! 

Rt’  p  o  r  t  s 

Soil  type  CN  =  66  (AMC  TI,  100-yr  flood  condition'' 

=  R2  (AMC  III,  PMF  condition^ 

2.  Spillway  releases  for  the  dri  p  inlet  spill  wav  were  computf'd 
utilicing  equations  and  nomographs  presented  in  "Design  of  StoxII  Dams"  by 
t''  V.  S.  Department  of  the  Interior  (USDI)  for  drop  inlet  type  spillwavs. 
r-ie  rise  of  the  nappe  above  the  elevation  of  the  crest  lip  was  cons'dered 
negligible.  The  following  equation  was  used  for  crest  control: 


,  3 

Q  =  c  (nr R  1  H 

o  so 

Ivhere  "C^"  is  a  coefficient  obtained  from  Figure  2S3  ('f  the  above 

reference,  expressed  in  terms  of  H  /R  ,  "R  "  is  the  radius  of  the 

soil 'wav  cr-''St  (1.75  feetl,  "H  "  is  the  depth  of  flow  over  the  crest, 

‘  ■  o 

rthen  the  ratio  H  /R  reached  a  value  of  1.00,  inf  ow  war 
o  s 

determined  by  asruming  flow  was  over  a  sharp  edged  submerged  orifice. 

The  following  equation  was  used:  Q  =  Ca  (2gh)*^*'',  where  "C"  is  a 
coeff’icient  assumed  to  be  0.60,  "a"  is  the  area  of  the  orifice  9.62  sf, 
"h"  is  the  height  of  flow  above  the  orifice,  and  "g"  is  acceleration  due 
to  gravity.  Reference,  "Handbook  of  Hydraulics”,  Fifth  Edition,  by  King 
and  Brater.  page  ^-3, 

Flow  through  the  42-inch  diameter  corrugated  metal  pipe  outlet  was 
determined  using  Bernoulli's  equation  for  pressure  flow  in  pipes. 

Losses,  including  throat,  entrance,  pipe  and  exit  losses  totaled  3.95 
velocity  heads.  Reference,  "Handbook  of  Hydraulics",  Fifth  Edition,  by 
King  and  Brater,  pages  8-5  and  8-6. 

Discharge  quantities,  determined  by  the  methods  described  herein  were 
plotted  versus  corresponding  lake  water  surface  elevations  to  determine 
the  discharge  rating  curve  for  the  drop  inlet  spillway. 
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3.  Th.'  aixiliarv  spillwav  c'insists  i-vf  a  42-inch  (iiamrter  corrngatnd 
moral  pipo  oxtonding  through  the  dam  at  the  right  ahitm.Mit:.  Spillway 
release  rates  were  deterininod  as  follows; 

For  low  flows,  inflow  was  determined  hy  assuming  flow  was  through  a 
-harp  edged  orifice,  as  indicated  in  paragraph  2,  above. 

For  higher  flows,  inflow  was  governed  bv  Bernoulli's  equation  for 
pressure  flow  'n  pipes.  Losses,  including  entrance,  pipe  and  exit 
losses,  totaled  2.73  velocity  heads. 

Discharge  quantities,  as  computed  above,  were  plotted  versus 
correspond ing  lake  water  surface  elevations  to  determine  the  dischargi' 
rating  curve  for  the  auxiliary  spillwav, 

4.  The  discharge  for  the  principal  and  .-luxi  1  iary  spillways  for  equal 
el  I’ vat  ions  were  sunmtfed  f'>r  ent  rv  on  the  V4  and  carls. 

3.  The.  profi’e  f  the  lam  crest  is  irregular  and  flow  over  t.he  dam 
cannot  be  determined  bv  npnli'r.tion  of  conventional  weir  formu’as.  Crest 
length  and  cir'vation  data  for  the  dam  crest  proper  were  entered  into  Che 
HEC-1  Program  on  the  $L  and  the  $V  cards.  Tlie  program  a s-uines  that  flow 
over  the  d.am  crest  section  occurs  at  critical  depth  and  -tomputes 
Internally  the  flaw  over  the  dam  crest  and  adds  this  flow  to  the  flow 
passing  the  spillwa/s  as  entered  on  the  Y4  and  Y3  cards. 
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ArJALVSIS  OF  DAM  OVERTOPPINO  USING  1,0-YR  FLOOD 
HYDROLOGIC-HYDRAULIC  ANALYSIS  OF  SAFETY  OF  SUGAR  HOLLOW  LAKE_DAM^ 
10  YR  Fl.OOD  ROUTED  THROUGH  RESERVOIR 
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ftNALYSlS  Cf  li«1  C^’ERTOf■PlNC  USING  RftTlOS  Cf  m 
HYtiRCCOGlC-HYDRftULIC.  ANALYSIS  GT  SAFETY  Cf  iHm  HGLLON  LAKE  tiAM 
RATIOS  Cf  PMF  ROLITED  THROt-IGH  RESERVOIR 


m  SPECIFICATKW 


NQ 

NHR 

miH 

I  DAY 

IHR 

ININ 

flETRC 

IPLT 

IFRT 

N-STAN 

298 

0 

5 

0 

0 

0 

0 

0 

0 

0 

JOPER 

NUT 

LROPT 

TRACE 

0 

0 

0 

MLILTI-FIAN  ANALYSES  TO  BE  PERFCM1ED 
NPLAN=  I  NRT10=  4  LRT10=  1 
RT10S=  .03  ,09  .50  1.00 


tttdtfCtf 

SllB-AREA  RUNOTF  COnPUTATlCW 

INFLOU  HYDRCCRAPH 

ISTAO  IttiKP  lECElN  ITAFt  .IPLT  JFRT  INAY.E  ISTAGE  lAUTO 


INFLOU 

0 

0  0 

0 

0 

4 

0 

IHYEiG  lUHC 

TAREA 

SNAP 

HYDROGRAPH  DATA 
TRSDA  trsfy; 

RATIO 

13NCU 

i'3A.“,i-; 

LOCAL 

1  2 

1.52 

0.00 

1.52  l.«t 

0.000 

0 

1 

0 

EfFE 

PMS 

R6 

PRECIP  DATA 

R12  R24 

f(4S 

R72 

R96 

0.00 

25.10 

102.00 

120.00  130.00 

0.00 

0.00 

0.00 

LOSS  DATA 

LROPT  STRKR  DLTKR  RTICi  ERAIN  STRKS  RTIOK  STRTL  CNSTL  ALSflX  RTIMP 

0  0.00  0.00  l.W  0.00  O.W  1.00  -l.«i  -S2.00  0.00  0.00 

atR-vt  NO  =  -02.00  WETNESS  =  -l.OO  EFFECT  CN  =  32.00 

UNIT  HYDRCWAPM  DATA 
TC=  0.00  LAG=  .33 

RECESSICW  DATA 

STRTO=  -1.00  QRCSN=  -.10  RTIDR=  2.00 

LIMIT  HYDROORAPH  21  END  OF  PERIOD  ORDINATES.  TC=  0.00  Ht4JRS.  LAG=  .33  ViX^  1.00 
249.  796.  1564,  1905.  1939.  1620.  1143.  759.  52S.  37 

254.  176.  120.  03.  57.  40.  27.  I'D,  14. 
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0  FND  OF-raiOD  FLC« 


HO.  DA 

HR.HN 

PERIOD 

RAIN 

EKCS 

LCi3F 

cctlf-  0 

l.Ol 

.05 

1 

.01 

0.00 

.01 

1. 

1.01 

.10 

4. 

.01 

0.00 

.01 

1. 

1.01 

.15 

3 

.01 

0.«| 

.01 

1. 

1.01 

.20 

4 

.01 

0.00 

.01 

1. 

1.01 

.25 

5 

.01 

0.00 

.01 

1. 

1.01 

.30 

fc 

.01 

0.00 

.01 

1. 

1.01 

.35 

7 

.01 

0.00 

.01 

1. 

1.01 

.AO 

8 

.01 

0.00 

.01 

1. 
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132 

.06 

.06 

.06 

.06 

.01 

.01 

644. 

646. 

1.01 

1.01 

22.55 

23.00 

275 

276 

.02 

.02 

.02 

.02 

.00 

.00 

AAC 

245, 

l«  01 

11.05 

133 

.06 

.06 

.01 

643. 

1.01 

23.05 

277 

,02 

,02 

.00 

245. 

1.01 

11.10 

134 

.06 

.06 

.01 

650. 

1.01 

23,10 

273 

.02 

.02 

.00 

245. 

1.01 

11.15 

135 

.06 

.06 

.01 

652. 

1.01 

23. 15 

279 

,02 

.02 

.00 

245. 

l.Ol 

11.20 

136 

.06 

.06 

.01 

653. 

1.01 

23,20 

280 

.02 

.02 

,00 

245. 

1.01 

11.25 

137 

.06 

.06 

.01 

655. 

1.01 

23.25 

281 

.02 

.02 

.00 

245. 

1.01 

11.30 

133 

.06 

.06 

.01 

657. 

1.01 

23,30 

282 

.02 

.02 

.00 

245. 

1.01 

11.35 

139 

.06 

.06 

.01 

653. 

l.Ol 

23,35 

283 

.02 

.02 

.00 

245, 

1.01 

11.40 

140 

.06 

.06 

.01 

660. 

1.01 

1'3.40 

2'84 

.02 

.02 

.00 

245. 

1.01 

11.45 

141 

.06 

.06 

.01 

661. 

1.01 

23.45 

l-SS 

.02 

,02 

.00 

245. 

1.01 

11.50 

142 

.06 

.06 

.01 

663. 

l.Ol 

23.50 

1’86 

,02 

,02 

.00 

245, 

1.01 

11.55 

143 

.06 

.06 

.01 

664. 

l.Ol 

23.55 

l'S7 

.02 

.02 

.00 

245. 

1.01 

12.00 

144 

.06 

.06 

.01 

665. 

1.02 

0.00 

2'83 

.02 

.02 

.00 

245. 

SJ.W  52.63  30.14  2.49  360780. 

I  329. )(  765.)!  63.) (10216. 15) 

PEAK  6-HaR  24-H0(.W  72-H0l»<  TOTAL  VCLL»t 

CfS  13A45.  4041.  1252.  1252.  360676. 

381.  114  .  35.  35.  10213. 

•NC»£S  24.70  30.62  30.62  30.62 

111  627.40  777.67  777.67  777.67 

2004.  2484.  2434.  2484. 

THOUS  OJ  H  2472.  3064.  3064.  3064. 
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